In January of 1981, Dr. Ruth Harrell and her colleagues published the results of a study involving the treatment of 16 home-reared mentally retarded children with the megavitamin supplement GTC (Bronson Co., La Canada, Calif.) and dietary restrictions. In addition, it was determined via the Barnes Test (1) that all but one of the children required desiccated thyroid supplementation, which was simultaneously administered in dosages ranging from 0.5 to 2.5 grains per day. The eight-month study consisted of double-blind experimental and control groups for four months, after which all subjects were placed on active agents. The IQs of the children studied ranged from 17 to 70, the ages from 5 to 15 (2) .
Following the first four months, five of the six supplemented childrens' IQs were reported to have increased by an average of 5.0 to 9.6 points, depending upon the investigator, while the IQs of the children receiving placebo and thyroid showed no significant change. After an additional four months, the children who had previously received placebo were placed on active preparations and demonstrated an average IQ increase of 10.2 points. Since its publication, the Harrell et al. exploratory study has evoked continuing controversy and, in answer to the challenge which concluded their paper, other researchers have attempted to prove or disprove the study's results (3) (4) (5) (6) . Yet a number of methodological flaws have been detected in the study design itself; lack of random subject assignment, no tests for compliance, statistical errors, etc. Many have tried to correct these design flaws, yet important variables have often been altered in the attempt.
Nevertheless, some research in the area of megavitamin therapy has had positive results (7, 8) but it cannot be cited as evidence in favor of the Harrell et al. findings because experimental designs were dissimilar. To date, no study has either replicated the original Harrell et al. experiment without significantly altering important variables or corrected its reported methodological errors. Such studies do, however, stimulate interest for further research.
METHODS
Subjects. Twenty-four mentally retarded children, aged 5 to 15years, were enrolled in a double-blind study for a period of eight months. These children, 12 of whom were male and 12 female, all lived in private homes with natural or adoptive parents except one, who lived in a group home. All attended special education programs and were, therefore, receiving developmental stimulation adequate to realize any increase in intellectual capacities which may have occurred secondary to the treatment regimen. All previously assessed intelligence quotients ranged from 35 to 69. Specific group assignments, known etiologies, and chronological ages are summarized in Table 1 . Procedures developed by the University of Nebraska Medical Center and the Association for Retarded Citizens of the United States for explaining the purpose and nature of the proposed study, as well as assuring Informed Consent of the subjects and/or their parents, were implemented upon initial contact.
The children were randomly assigned to the various study conditions as they enrolled. Variable 1, vitamin-mineral supplementation, consisted of two groups; a placebo condition, and an active GTC#3 condition. Variable 2, thyroid supplementation, also consisted of two conditions; administration of either active desiccated thyroid (Armour Company) or identical thyroid placebo. The Harrell et al. study had assigned quantities of thyroid on the basis of physical size and underarm body temperature, resulting in the administration of amounts ranging from 0.0 to 2.5 grains per day. Yet their study has been criticized on the grounds that the Barnes method is not a reliable test of thyroid functioning (9) . So as to assure replication, the children in our study had both oral and axillary baseline temperatures taken, as well as baseline serum T3, T4, and T7 laboratory N=24. Down's=Down's syndrome; Noonan's=Noonan's syndrome; Chr/2 del=Dele tion from the short arm of chromosome #2. a The subjects were randomly assigned to the five groups. Of the initial 30 subjects enrolled, six dropped out due to: family geographical moves (three); side effects (one); non-compliance to the study protocol (two).
determinations. Since none of our subjects had positive Barnes Tests, our endocrinology co-investigator decided, in view of the heights, weights, and ages of our subjects, that a fixed dosage of 1.0 grain of desiccated thyroid per day should be administered to each. Lastly, Harrell et al. had administered desiccated thyroid to both experimental and control groups for a total of eight months. Our study utilized an four-month administration of thyroid only in Group III (see Table 3 ). At the end of four months, all subjects were placed on the active vitamin-mineral supplements and active desiccated thyroid, with the exception of Group V, which remained on placebo.
Our vitamin and mineral supplement GTC#3, when compared to the supplement used in the Harrell et al. study, contained slight variations in biotin and calcium phosphate. Its contents and amounts are compared to Recommended Dietary Allowances and Vitamin or Mineral Safety Indices (10) and summarized in Table 2 . Each of the parents were provided with personal instructions for feeding their child, particularly regarding the restriction of sugar, soft drinks, and "junk" foods. Following initial assessment by a clinical nutritionist, diets were regularly monitored so as to determine whether the parents had successfully modified their child's diet according to the instructions provided.
The five study cells to which the children were randomly assigned are summarized in Table 3 . This design enabled an examination of the possible interactions between the vitamin/mineral supplement and the thyroid, and the effects of either supplement alone.
In summary, the study was very similar to that of the Harrell group, except that ours was larger in size, maintained its double-blind conditions, utilized a rationale for decreased amounts of desiccated thyroid, utilized a vitamin and mineral supplement which contained slight variations in biotin and calcium phosphate contents, and employed a control group in both phases of the study.
Speck study timetable. The children received an initial examination in which physical state was assessed, disorders determined, height, weight, and physical appearance recorded, and visual and auditory screenings conducted. An assessment of diet was accomplished by a nutritionist, and guidelines and restrictions were studied with both the subjects and their parents. Evaluation records were reviewed so as to determine whether a potential subject's past intelligence scores were within or near the global intelligence range for this study. Project staff audited the results of all initial tests, which were, in turn, reviewed with the parents of potential study candidates.
Appointments were then finalized with the eligible study candidates for initial, four-month, and eight-month assessments of dependent variables. Finally, project staff met with the children and their parents to answer any remaining questions, sign all releases, and review exact procedures and timetables for the remainder of the study.
Drugs which had been administered at constant dosage levels for at least three months prior to baseline testing, such as anti-convulsants, were continued as usual, as were medications for specific illness, such as antibiotics. Parents were
given the first month's supply of the study preparations, written dietary instructions, and weekly log sheets to record height, weight, and supplement administration.
These logs were reviewed with the parents on a monthly basis. Parents were also regularly contacted regarding their child's compliance to the schedule of tablet ingestion and dietary habits. At the end of the first four months, and again at the end of eight, psychological testing was conducted, a urinalysis was obtained for gross determination of the presence of riboflavin, parents were interviewed regarding their child's behavioral status, height and weight were assessed, blood samples were taken to assess thyroid levels, and random studies were conducted to determine serum levels of vitamin A.
Dependent-independent variables. An evaluation of the major dependent variables was accomplished by an assessment of global intellectual level via the Wechsler Intelligence Scale for Children-Revised (11), social adaptive behavior via the Vineland Social Maturity Scale (12) , and neuropsychological development via the Nebraska Neuropsychological Exam (13) . Although both the Nebraska Neuropsychological Exam and the Wechsler are age-corrected, it is a questionable assumption that the mentally retarded develop in a manner which perfectly parallels normal development. Because there is no certain way to distinguish one child's normal developmental improvement from another's, which may be directly due to a concurrent treatment, a within-subjects analysis would be difficult to interpret. By utilizing a matched pairs or between-subjects design, as was accomplished in this study, the problem can be avoided. The remaining study variables were height, weight, visual and auditory status, physical examination parameters, and general appearance.
RESULTS
Four-month testing results were analyzed as four cells (i.e., Groups IV and V were identical during the first four months, and analyzed as members of the same Table 4 summarizes those parameters found to be significant at 0.05 (less than 5% chance of random occurrence). There were six parameters which demonstrated a significant difference in performance (improvement or decline) between the treatment groups. All of these occurred within the first four months, with no significant differences in performance detected on any of the measured parameters in the final four months. This is well within the number of random significances to be expected. Further, four of the six indicated superior improvement of the placebo Table  4 . Statistical results analysis in a megavitamin replication study.
Vol. 35, No. 3, 1989 group over the treatment group, including the one indication of synergistic interaction between thyroid and vitamin supplementation. The two areas where the treatment group significantly improved over the placebo group were visual-spatial skills on the Nebraska Neuropsychological Exam and the social quotient on the Vineland Adaptive Behavior scale. While it is conceivable that these two instances represent real improvement (and the four instances of poorer performance are random) this is not likely. This is made even less possible since these parameters were not found to be significant in the final four months. In fact, they were not close to significance since visual-spatial skills had an F of 0.276 and social quotient an F of 0.182.
In light of these considerations, the significances found can only be viewed as random, and it may be said that neither the vitamin nor the thyroid supplementation significantly improved performance of the mentally retarded children studied, nor indeed was there significant synergistic interaction with simultaneous vitamin and thyroid supplementation.
DISCUSSION
Because replication was the aspect to be achieved, it is appropriate to go over each of the Harrell et al. study's findings and compare them with those of the current study. For example, the original results of the Harrell group were less impressive until the authors dropped one subject, who was known to have taken the vitamins only intermittently, from their statistical calculations. While noncompliance is a valid consideration, it is not valid after the double-blind code has been broken and the results calculated. In any case, our study found no significant changes in the Vineland Social Maturity Scale, the Nebraska Neuropsychological Exam, or the Wechsler raw, scaled, or full scale IQ scores.
The sex variable dimension of our study sample was directly comparable to the Harrell et al. study, as was the age spectrum. Dissimilar, however, were increases in height, which were noted in the Harrell et al. study sample as twice that of the control group. In contrast, our data on height changes did not indicate significant differences in any of the children. Harrell et al. noted irregular changes in weight, and our findings were similar. All urinalyses and complete blood counts were assessed as normal in both studies.
Unlike the Harrell et al. study, ours did not utilize the Barnes Test as the basis for the administration of flexible amounts of desiccated thyroid. Instead, we opted to utilize T3, T4, and T7 laboratory assessments, and a fixed dosage of 1.0 grain. Barnes (1) has stated that the basal temperature test which bears his name is a more valid clinical assessment of thyroid functioning than current laboratory trials. Although his thesis is debatable, our initial screening of axillary basal temperatures did not reveal any to be low. A case could certainly be made that higher or individualized dosages of thyroid should have been utilized in our study since no side effects attributable to thyroid status had been observed. We noted this non-toxicity dimension, however, only after the study had been complete. One could also argue that some of our subjects represented "marginal thyroid deficiencies" (15) and may have responded to higher amounts of desiccated thyroid. Although there are several reports (16, 17 ) that Down's syndrome children do have multiple thyroid/metabolic aberrations, and over half of our study sample was composed of Down's syndrome subjects, none had demonstrable thyroid deficiencies.
All of the subjects in the Harrell et al. study were able to tolerate the high dosages of vitamins and minerals with no significant side effects. In our research, however, two subjects developed diarrhea. While one responded promptly to symptomatic treatment and remained in the study, the other, who was later discovered to have been a control, did not follow treatment guidelines and refused to continue. This dimension of the relative non-toxicity of vitamin-mineral supplementation does not appear to be fully appreciated in the professional literature.
Considerable improvements in visual acuity were found in half of the Harrell et al. study group. Four subjects, who had previously worn glasses, no longer required them. Our study noted no such improvement. The Harrell group also mentioned one subject whose cataracts, which had been discovered at the onset of the study, stabilized rather than worsened as is typical. Our study's subject population did not include, or intentionally exclude, anyone with cataracts.
The Harrell et al. study made special mention of the improvement in the somatic appearance of children with Down's syndrome, as evidenced by direct clinical examinations and before-and-after photographs. Our research did not note any somatic changes upon physical examination or in before-and-after photographs. Harrell et al. mentioned that some of their subjects showed an improved texture of nails as well as healthier hair and skin. No such changes were reported or clinically observed in our study sample. The Harrell group also stated that several children had improved their level of verbalization and were able to advance considerably in school. Our study noted no such dramatic educational improvements.
There was a greater uniformity of testers in our study than in that of Harrell et al., wherein all subjects were tested by one psychologist and sporadically by six others. In our study, psychometric testing was accomplished by two doctoral level psychologists, who examined each of the subjects serially, and one supervising psychologist, who thoroughly reviewed the findings of the other two testers.
The dietary restrictions used by the Harrell group were also employed and closely monitored in our study. Yet unlike the original GTC supplement used in the Harrell et al. study, which is no longer available, the GTC#3 utilized in our replication study contained biotin (300mg) and lacked calcium phosphate (37.5mg). Although it is possible that these two differences may have had an influence on the divergent results, this seems unlikely.
Harrell and her colleagues stated that six subjects had ceased being hyperactive while involved in their study, and we noted that five of our subjects demonstrated major improvement in general personality calming as well. Initial and final psychiatric interviews confirmed that each of these five youngsters had indeed Vol. 35, No. 3, 1989 shown moderate behavioral improvement over the eight-month study period. Parental observations and professional examinations, however, did not correlate with whether or not these youngsters were on active or placebo agents. Indeed, the best behavioral improvement was noted in an 11-year-old girl who had been in Group V (placebo/placebo).
Finally, the Harrell et al. study continued the initial placebo group beyond the eight-month period (i.e., placebo for four months and active GTC and thyroid for an additional eight months) and noted significant improvements in this "sub -sample ." Ten subjects out of their total sample of 16 had eight months of active agents, whereas six of our subjects had eight months of active agents, and another ten had four months of partially active agents. Six of the subjects' parents in our study requested that their child be allowed to remain on the active vitamin/mineral and thyroid supplements. These children are currently being assessed as to any delayed findings, which will be reported in a future publication.
Our study found no significant ameliorating effects for mentally retarded children given vitamin-mineral and thyroid supplmentation, nor any interaction between the two supplements based on intellectual, social adaptive, and neuropsychological testing measures. While our attempt to replicate the Harrell et al. (2) research design did not confirm the promising results of that specific investigation, nutritional therapies cannot be dismissed out of hand. There are, for example, fourteen known metabolic diseases responsive to megavitamin regimes (18). Frager et al. (19) determined that the administration of 25mg/kg of vitamin B6 to infants with Down's syndrome during the first six months of life, and 35mg/kg during the following 2.5 years, resulted in increased normalization of cortical auditory evoked potentials. While it is difficult to draw specific clinical conclusions concerning this basic research, it does suggest that some benefit can indeed be incurred through the use of megavitamin therapy.
The tendency in individuals with Down's syndrome toward nutritional deficiencies in vitamin A, vitamin E, ascorbic acid, calcium, copper, magnesium, manganese, nicotinic acid and thiamine, possibly due to impaired absorption, suggests an additional rationale for continuing research (20) (21) (22) (23) . Kershner and Hawke (24) sought to discriminate between the effects of specific dietary improve ment with and without megavitamin therapy, but found no significant differences, although both groups showed a broad range of general improvement. Their findings suggested that diet modification alone was as effective as diet modification plus vitamin supplementation. A recent review of the possible effects of diet on behavior by Wurtman (25) underscores this dimension. Perhaps one of the keys to the discrepancies found in megavitamin study results lies there. None of the previous replications of the Harrell et al. research had emphasized diet modification, and rigorous dietary monitoring demands extremely explicit guidelines. It must also be stressed that the positive results which have come from these types of studies could have been produced by parents who noted improvements, perhaps secondary to real developmental gains, which were due to their own greater efforts and This study was supported by grants from the Association for Retarded Citizens of the United States (Arlington, Texas) and the Foundation for Nutritional Advancement (New York, New York).
